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ABSTRACT 
It is increasingly recognized that considerable energy savings can be achieved in non-
domestic buildings through changes in occupant behaviour. The evaluation of behavioural 
initiatives in complex non-domestic buildings, however, can be difficult because baseline 
building energy use is often poorly understood due to the variety of organisational processes 
and the prevalent lack of sub-metering. This paper aims to investigate the evaluation of an 
energy awareness campaign at a large acute hospital. Although the sub-metering levels in 
this hospital were comparatively high, there were considerable difficulties in measuring and 
attributing changes in energy use to the behavioural campaign due to the complexity of the 
underlying consumption profile from building services and appliance use as well as varying 
engagement of occupants with the awareness campaign across the hospital. These findings 
highlight that the methodology used to estimate energy savings from behaviour change in 
complex non-domestic buildings is hugely important, while so far no standardised 
methodologies are available. It is suggested that behavioural initiatives in complex non-
domestic buildings could be more fairly assessed using intermediate performance indicators 
of their impact on participants. 
 
Context 
The energy used for heating and powering non-domestic buildings is responsible for around 
12% of the United Kingdom‟s GHG emissions [1]. Against this background, it is increasingly 
recognized that considerable energy savings can potentially be achieved cost-effectively 
through changes in occupant behaviour. But while the impact of user-centred interventions is 
comparatively well understood in domestic settings [2], this remains less so in complex non-
domestic buildings such as big offices, university buildings, schools or hospitals. Studies 
indicate that energy savings measured in organisations can vary between 1 and 12 % for 
heat [3, 4, 5, 6] and 1.5 to 8% for electricity [3, 4, 7, 8, 9, 10], while simulations more 
consistently claim a potential of up to 20% of total energy use [11, 12].  
 
There are numerous reasons for this mixed success of energy behaviour change 
programmes in complex non-domestic buildings, which have been reviewed elsewhere (see 
for example [13, 14]). They include the design and implementation of the respective 
interventions, organisational culture and hierarchical structures as well as environmental 
values of individual employees. Reconciling differences between various behaviour change 
programs is further complicated by the absence of a clear framework that facilitates the 
building-specific evaluation of staff-centred energy conservation initiatives [14].  
 
So far, the primary evaluation of behavioural initiatives in complex non-domestic buildings 
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seems to mostly have been attempted using quasi-experimental strategies based on 
interrupted time-series of energy data. Such approaches are known to be problematic for 
gradual rather than abrupt interventions and those where effects might be delayed [15]. In the 
non-domestic context, evaluative attempts are further aggravated by the complexity of 
building energy use whose baseline is often poorly understood due to the variety of 
organisational processes and the prevalent lack of sub-metering. It also needs to be noted 
that direct changes in energy use can only be one outcome of any initiative addressing 
occupants and their behaviour. Non-energy effects, both positive such as increased comfort, 
ownership or productivity and negative e.g. confusion and sense of overload, need to be 
taken into a count for a holistic cost-benefit analysis [16].  
 
Approach 
Research aim 
This paper aims to investigate the evaluation of an energy awareness campaign at a large 
UK acute hospital (hereafter referred to as the hospital) which was piloted in 2012/2013. 
From January to May 2013, the authors of this paper worked closely with the respective NHS 
Trust and the implementing body in analysing the hospital‟s electricity use over the course of 
the campaign. In the respective hospital building, small power and lighting use is sub-
metered at departmental level, which is outstanding compared to the vast majority of NHS 
hospitals which have electricity data available at building or even site level only. The richness 
of the meter data allowed for the detailed analysis of the electricity use for each hospital 
department.  
 
The awareness campaign focussed on wards as 24 hour areas, but included some offices 
and clinical day areas. Rewards within small teams and improving patient experience were 
identified as central motivators for trust staff and consequently stressed in communicating the 
campaign. The roll-out primarily took place across three channels from December 2012 to 
March 2013: 
 
1. Energy Champions were recruited on wards and in administrative areas to engage 
colleagues and to encourage energy efficient behaviours. Ideally, they were 
volunteers with an already developed interest in energy efficiency/sustainability, but 
in their absence line manages were asked to simply appoint someone.  
2. A „Sustainability Team‟ performed regular ward rounds to prompt action, 
troubleshoot problems, share success stories and give out rewards (e.g. green 
goody bags or vouchers for tours to the hospital‟s helipad) to champions and their 
teams. 
3. As it is widely acknowledged that senior support is crucial in promoting any pro-
environmental behaviour in organisations [see for example 14], prominent 
campaign advocates within the NHS Trust featured on screensavers and produced 
short videos showing them to engage in the promoted energy-efficient behaviours. 
 
It was found that despite the high sub-metering levels, the difficulties encountered in 
measuring and attributing changes in electricity use to the behavioural campaign were 
substantial due to the complexity of the underlying consumption profile from lighting and 
appliance use. Also, the engagement of occupants with the awareness campaign varied 
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across the hospital and while some departments could achieve significant reductions in 
electricity use through switching off un-used lights and electrical equipment, in others the 
daily electricity consumption only changed marginally over the duration of the campaign.  
 
Methods used 
The above observations raise the immediate question to what extent small effects of 
behaviour changes (for hospitals, the Carbon Trust expects reductions in total energy costs 
through good housekeeping of 10% [17]) can be detected through the analysis of energy 
consumption profiles in complex buildings given the daily variability in activities and resulting 
energy use itself. In a first instance, this question was investigated by analysing the means 
and standard deviation values of the daily electricity consumption [kWh/d] before and after 
the campaign at the hospital. The availability of half-hourly electricity data also allowed for a 
more in depth analysis of changes in specific energy behaviours, such as reduced lighting 
use during afternoon down time on wards, but for the purpose of this research question daily 
electricity use was found to be a useful metric.  
 
Three different criteria were used to determine whether changes in mean daily electricity use 
based on four weeks of pre and post campaign data respectively (normalized for seasonal 
differences in daylighting) were statistically significant in each metered area:  
 
I. According to the International Performance Measurement and Verification Protocol 
(IPMVP) which provides standards for the evaluation of technical energy efficiency 
improvements, “Savings are deemed to be statistically valid if they are large relative to 
the statistical variations. Specifically, the savings need to be larger than twice the 
standard error (…) of the baseline value.” [18, p.86] Notably, similar rules will apply for 
statistically valid losses / increases in electricity uses which, although not desirable, 
might occur for example due to procedural alterations.  
II. A more conservative approach will not only take into account statistical variations of 
the baseline value but also those during the post-intervention period. Changes are 
hence only regarded as statistically valid if they exceed twice the sum of the standard 
error of baseline and post-intervention value. This definition is equivalent to requiring 
for non-overlapping 95% confidence intervals.  
III. A repeated measures t-test can also be used to determine whether the sets of 
electricity consumption data pre and post intervention differ from each other at a given 
significance level, here 0.05.  
 
For each of the above criteria, only departments which had seen statistically significant 
changes in electricity use between pre and post intervention periods where included in 
calculations of mean campaign effects. The applied criteria will hence be referred to as 
inclusion criteria. It should be noted that other drivers of energy use such as operational 
activity are not (yet) included in the presented analysis.  
 
In addition to the analysis of electricity consumption data, the project team carried out 
observations of the energy behaviours targeted by the campaign. All involved 
departments/wards were visited both before campaign begin and after its completion; 
counting for example the numbers of lights left on in unoccupied rooms.   
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Findings 
This project analysed the small power and lighting use of 49 hospital departments, most of 
which wards. Table 1 shows the number of areas where electricity use had changed 
significantly and the range of overall effect sizes depending on each inclusion criteria. 
Absolute effect sizes are not given to protect commercial interests.   
 
Table 1.  Comparison of intervention analysis approaches (The overall change in electricity 
use based on all metered campaign areas (Control) is denoted by X %.) 
 
 
 
 
Number of metered 
areas meeting the 
inclusion criteria 
 
Overall campaign 
effect size 
 
Control: All metered areas 
 
49 
 
X % 
 
Inclusion criteria I 
 
35 
 
1.3*X% 
 
Inclusion criteria II 
 
18 
 
1.5*X% 
 
Inclusion criteria III 
 
20 
 
2.5*X% 
 
The table shows that the results of the different analysis approaches differ as much as the 
actual effect size of the energy awareness campaign was thought to be across the whole 
hospital. This identifies the importance of looking behind headline figures to understand not 
only effect sizes, but also what changes made them happen and whether they correspond to 
the campaign aims and efforts.  
 
A more detailed analysis of departmental electricity consumption can help this understanding, 
especially if detailed expectations for a campaign‟s outcomes (such as a reduction of lighting 
use during afternoon downtime on wards) have been specified. Figure 1 shows changes in 
the electricity use of a 12 hour clinical area which, according to the project team, was very 
engaged with the campaign at the large acute hospital. The area‟s night-time electricity use 
after the campaign has clearly reduced – very likely in response to staff taking action to 
switch of lights and appliances at the end of the day.  
 
Observations of the target behaviours are indispensable for supporting this interpretation as 
they allow the linking of changes seen in the electricity consumption profile to staff energy 
behaviours. The behavioural audits carried out at the large acute hospital were, however, 
seen to have a number of limitations. Most importantly, they were carried out at opportune 
moments during the day, as opposed to being linked clearly to the behaviours the campaign 
was trying to motivate. In particular, night-time switch off behaviours suspected on the basis 
of changes in the electricity consumption profile could not be verified due to a lack of 
observations after hours. It is therefore recommended for future campaign evaluations to 
clearly link observational activities and target behaviours. 
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Figure 1: Changes in electricity use of a hospital 12 hour clinical area 
 
Discussion and conclusions 
The above findings highlight that the methodology used to estimate energy savings from 
behaviour change in complex non-domestic buildings is hugely important, while so far no 
standardised methodologies are available and the pressures to present actual savings are 
high, especially in the consultancy sector. Thus it is crucial to stimulate discussion on this 
issue between campaign developers, building operators and independent evaluators to arrive 
at consistent methodologies for the measurement and the verification of energy savings 
through staff-centred conservation initiatives, similar to those existent for technical energy 
efficiency measures.  
 
At the same time, the presented findings query whether it is at all realistic to place individual 
energy behaviours reliably within the context of total building energy use in complex non-
domestic buildings due to the high variability of ongoing processes and resulting loads. The 
study suggests that the reliable evaluation of such conservation initiatives can be difficult or 
impossible if based exclusively on the analysis of energy data. For building owners and 
operators, however, hard energy savings and resulting cost reductions are a prerequisite for 
business plans and funding proposals. New approaches are consequently needed to bridge 
this gap.  
 
The use of intermediate performance indicators could provide a potential means by which to 
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address this issue. To achieve this, such indicators would ideally need to be:  
 
 linked to specific target behaviours and times / areas, e.g. turning off lights at night / in 
unused shower rooms  
 based on a clear understanding of the impact different behaviours have on energy use 
(This is relevant to identify target behaviours which make a staff-centred intervention 
worthwhile. In many non-domestic buildings, such as industrial buildings, hospitals or 
laboratories this question cannot be underrated because significant unavoidable 
process loads may well outweigh any positive difference staff effort may have on total 
energy consumption. Due to the heterogeneous nature of non-domestic buildings, a 
thorough analysis of the local context seems inevitable.) 
 recorded systematically, e.g. through a comprehensive survey of participants 
 
Commonly, self-reports of building occupants on their practises as well as observations of 
target behaviours are already included in best-practise evaluations. Yet often they cannot go 
beyond levels of anecdotal evidence and spot-checks on relevant behaviours given the 
resources available for evaluative efforts. The systematic application of a questionnaire-
based benchmarking tool for the assessment of behaviour change potentials might help to 
offset this weakness (see [16] for an example questionnaire for offices and industrial 
settings).  
 
But substantial challenges remain, first and foremost with regard to how energy behaviours 
relate to building energy use in the first place – an area that especially in complex non-
domestic buildings merits further attention of researchers from both behavioural and technical 
backgrounds. Also, the range of impacts on programme participants, which might include 
non-energy effects as well as the diffusion of ideas on energy and sustainability into the 
domestic context, remain intrinsically hard to value using standardised quantitative tools. It 
might, hence, be at the heart of any discussion on behavioural energy efficiency measures 
whether they can simply be placed alongside technical measures and evaluated purely on 
the same grounds.  
 
Potentially it would be more beneficial in promoting learning from successful staff-centred 
conservation programmes and initiatives especially in complex buildings if the focus of 
reporting was moved away from headlines based on absolute energy and cost savings and 
towards honest accounts of what worked and what did not in both design and 
implementation. Naturally, this is a bold call in a context where contracts are won on the 
basis of prospective savings, but not least building owners, operators and organisations more 
generally will appreciate that their staff are to be valued differently from mere assets.  
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